In this study, the probability unit ability levels of the eleventh grade Turkish students were classified through cluster analysis. The study was carried out in a high school located in Trabzon, Turkey during the fall semester of the 2011-2012 academic years. A total of 84 eleventh grade students participated. Students were taught about permutation, combination, binomial expansion, and probability, which were the subtopics of probability unit, in an individualized mathematics learning environment called UZWEBMAT. After students completed the learning of each sub-topic, they were subjected to an exam about the relevant topic through UZWEBMAT-CAT. Students participated in 5 separate exams (i.e. one for each sub-topic and one end-of-unit test). Data were collected via system records made up of the ability levels of students concerning each subject. The ability levels obtained from each exam were analyzed through hierarchical clustering. According to the study results, the ability levels of students gathered in two main clusters in every test: medium ability level and advanced ability level.
INTRODUCTION
Today's societies face big heaps of information. Meaningful and beneficial data should be extracted from such heaps of information. The extraction of meaningful data form big heaps of information is referred to as data mining. In the most general sense, data mining is known as the extraction of implicit patterns from big data sets (Klosgen & Zytkow, 2002; Romero & Ventura, 2007) . EDM can be employed for evaluating the learning performances of students, ameliorating learning processes, guiding students' learning, giving feedbacks and adapting learning recommendations in accordance with the learning behaviors of students, evaluating learning materials and courseware, detecting abnormal learning behaviors and problems, and achieving a deeper understanding of educational phenomena (Baepler & In this study, exams were conducted on permutation, combination, binomial expansion, and probability, which were among the sub-topics of the probability unit, through the Computerized Adaptive Testing (UZWEBMAT-CAT) module integrated into UZWEBMAT (XXX, 2013). CAT systems adapt the difficulty levels of questions in accordance with the ability levels of individuals and yield highly precise measurement results (Kreitzberg, Stocrisg & Swansos, 1978; Weiss, 1985) . UZWEBMAT-CAT calculates the knowledge levels of students in the range of -3 and +3. In this study, the ability levels obtained via exams were classified. Classification was performed based on hierarchical clustering method. In this way, the ability level intervals where the probability unit ability levels of students concentrated were determined.
The structure of this paper is organized as follows: Section 2 deals with the studies on EDM by use of the data acquired from web-based learning environments. Section 3 presents the details of research methodology. Section 4 describes the findings of the present study. Section 5 is about the results of the study.
RELATED WORKS
Researchers engaged in the field of EDM have carried out many studies on subjects such as individual learning; computer supported collaborative learning, and computerized adaptive testing (Baker & Yasef, 2009 ). Among these studies, the recently featured ones are as follows: Pal (2012) made an attempt to predict the engineering students who were likely to drop out in the first year, and used such classification algorithms as ID3, C4.5, CART and ADT decision tree over the data related to the students dropping out in their first years in previous periods.
According to the results of that study, the reasons of new-comers for dropping out are predicted in high accuracy by use of the data of previous students dropping out in their first years. Jovanovica, Vukicevica, Milovanovica, & Minovica (2012) grouped students in an e-learning environment based on their cognitive styles, and classified their performances. According to the research results, the fact that the students categorized based on their cognitive styles received materials suitable for themselves had a positive effect on their performances. Romero, Espejo, Zafra, Romero, & Ventura (2010) carried out some experimental students on the Moodle e-learning system. They demonstrated how the final exam grades of university students could be estimated through web mining applications over the Moodle. In addition, the researchers determined students with similar characteristics and students with low motivation by using classification algorithms. He (2013) employed data mining and text mining techniques in order to search the patterns of participation and interaction of students in a live video streaming environment through the examination of the data automatically acquired by the live video streaming environment.
In that study, 114 course data covering various subjects from computer sciences and 1144 student data were used. It was concluded that students from different departments had different interactions. Furthermore, a positive correlation was found between the interaction frequencies and achievements of students interacting with instructor. Falakmasir & Jafar (2010) utilized data mining in an attempt to rank students' activities that influenced their performances, which was measured based on their final grades. They concluded that the participation of students in virtual classrooms yielded the highest effect on their final grades. Romero et al. (2008) conducted data mining through student data on the Moodle e-learning system. In that study, researchers demonstrated how useful data mining applications could be for instructors. Lee et al. (2009) carried out a data mining process in order to determine the preferences of students in a web-based learning environment. Decision tree was used as an instrument of classification in the study which was conducted with 65 university students. According to the results of that study, cognitive style is an important factor that determines the preferences of students.
Moreover, the study revealed that decisions trees were quite beneficial for the classification of students according to their cognitive styles. Zafra et al. (2011) used the data of university students on the Moodle system. These data had been acquired from the quizzes, assignments, and forum activities of students.
In that study, the effect of these activities on student learning was studied through data mining applications. That study made an attempt to predict the performances of students. The main focus of this study was to explore whether data mining technology could be more effective in solving that problem using representation based on multiple instances rather than classical representation making use of single instances. Experimental results demonstrated how their representation based on multi instance learning was more effective and acquired more accurate models besides a more optimized representation, which eliminated the shortcomings of classical representation. That study concluded that M5rules was the most accurate regression algorithm that could be used for the construction of a software support tool. Furthermore, another advantage of M5rules, besides its superior performance, was its better comprehensibility.
Vandamme et al. (2006)
made an attempt to classify students into three groups: 'lowrisk' students having a high probability of succeeding; 'medium-risk' students who may be successful if the university takes appropriate measures; and 'high-risk' students with a high possibility of failing or dropping out.
In that study, artificial neural networks, decisions trees, and a linear discriminant analysis were used for classification purposes. According to the results of that study, linear discriminant analysis is the most effective method for classification. Based on the classification, the ability levels of students about permutation, combination, binomial expansion, and probability, which were the sub-topics of the probability unit, were evaluated. This is an authentic study in that the data acquired from high school students (probability unit ability level) were used, and the ability levels of students were tested through computerized adaptive test.
Literature review shows that the EDM applications on e-learning environments are mainly aimed at conducting the automatic analysis of learner interaction and behavioral data via e-learning environments (Abdous

METHODOLOGY
In this study, a CAT system was developed for permutation, combination, binomial expansion, and probability, which were the sub-topics of the 11th grade mathematics course probability unit. An exam was conducted for the probability unit through the CAT system developed. The exam was conducted in five sessions (i.e. permutation test, combination test, binomial expansion test, probability test, and end-of-unit test). The ability levels acquired from the exam were analyzed and classified through hierarchical clustering method via SPSS 16.0 packages.
Procedure
In this study, the 11th grade students learnt the probability unit through a method different from traditional approach. Students were taught permutation, combination, binomial expansion, and probability, which were the sub-topics of the probability unit, in the individualized mathematics learning environment called UZWEBMAT (XXX, 2013). At the end of the teaching of each sub-topic, students were put into exam through the CAT module addressing the related subject.
In addition, students were subjected to an end-of-unit test consisting of questions about the entire probability unit after they had undergone permutation, combination, binomial expansion, and probability tests. In this way, students participated in 5 exam sessions.
Sample
An exam was conducted in school environment through the testing system developed, and the acquired data were evaluated. This exam was carried out in a high school located in Trabzon, Turkey during the 2011-2012 academic year fall semester. A total of 84 eleventh grade students participated in the exam. The names of students were not used. Instead, students were coded as follows: Std1, Std2, ... , Std84.
Data Collection Tool
System records were used for data collection. System records contained the ability levels and score details of each student concerning all exams.
FINDINGS
An exam was conducted about each sub-topic of the probability unit by using the CAT system. Hierarchical clustering method was used for clustering the ability levels obtained from each exam of 84 students participating in the study. The similarities between ability levels were demonstrated with dendrograms. The ability level clustering findings concerning permutation test, combination test, binomial expansion test, probability test, and end-of-unit test, are presented below. Firstly, clustering analysis concerning the ability levels obtained from permutation test is presented. 
CONCLUSIONS
This study classified the ability levels of the eleventh grade Turkish students concerning the sub-topics of the probability unit. The probability unit ability levels of students were obtained through CAT application integrated into UZWEBMAT environment.
The findings of the present study can be summarized as follows: the ability levels of students gather in two main clusters for the permutation test. While the first main cluster contains the values from 2.43 to 1.017, the second main cluster covers the values between 0.638 and -0.618.
Based on the examination of the ranges of these two main clusters, it is seen that the ability levels of students gather in two main clusters: medium ability level and advanced ability level according to the ability level variation scale (-3 to +3). The knowledge levels of students gather in two main clusters for the combination test.
